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1.  Introduction 

1.1.  Overview 
WINDOW 6 and THERM 6 Research Versions are software programs developed at Lawrence Berkeley 
National Laboratory (LBNL) for use by manufacturers, engineers, educators, students, architects, and others 
to determine the thermal and solar optical properties of glazing and window systems. 

WINDOW 6 and THERM 6 are significant updatse to LBNL's WINDOW 5 and THERM 5 computer program 
because of the added capability to model complex glazing systems, such as windows with shading systems, 
in particular venetian blinds. Besides a specific model for venetian blinds and diffusing layers, WINDOW 6 
also includes the generic ability to model any complex layer if the Transmittance and Reflectance are known 
as a function of incoming and outgoing angles. 

Incident 
(incoming) 
sun angle 
(Exterior) 

Outgoing 
angles 
(“room side” 
or interior) 

Figure 1-1. Example of the WINDOW 6 modeling capability for venetian blinds. 

The algorithms used in these versions of the programs to determine the properties of windows with shading 
layers are relatively new and should be considered as informative but not definitive. 

As such, for windows with shading layers, the results are intended for research purposes only. Pending 
further validation efforts, results for windows with shading layers should not be used for NFRC certified 
calculations of design decisions in real buildings. 

For further information go to the LBNL website:  http://windows.lbl.gov/software 

All calculations for products without shading layers are identical to those from WINDOW 5.2. 

WINDOW 6 Research Version includes all of the WINDOW 5 capabilities with the addition of  shading 
algorithms from ISO15099 which are incorporated into the program, as well as an extension of those 
algorithms with the matrix calculation method. 

THERM 6 Research Version includes all of the THERM 5 capabilities with the addition of being able to import 
and model WINDOW 6 glazing systems with shading devices. Those THERM 6 files with shading devices 
can them be imported into the WINDOW 6 Frame Library and whole windows with shading devices can then 
be modeled in WINDOW 6. 
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1.2.  Complex Glazing Features for WINDOW 6 1.  Introduction 

1.2.  Complex Glazing Features for WINDOW 6 

1.2.1.  Overview of Changes from WINDOW 5 

The following list describes changes to the WINDOW 6 Research version, which allows the modeling of 
complex glazing systems, such as venetian blinds, roller shades, and diffusing glass layers. Some of the more 
complicated changes are described in detail after this brief list. 

Program Settings: 
Á 
Á 

Á 

Á 

Á 

Á 

Á 

Á 

Á 

Preferences:  
A Matrix Calculation method option has been added for the complex glazing system calculations. 

Shading Layer Library: 
A Shading Layer Library has been added to define shading systems, such as venetian blinds and 
diffusing layers, which can then be added as layers in the Glazing System Library. 

Glass Library 
It is now possible to define a diffusing layer in the Glass Library, for use in the definition of complex 
glazing systems. 

Glazing System Library 
In the “Layers” section of the Glazing System definition, it is now possible to specify either a glass 
layer or a shading layer. 

Frame Library 
The Frame Library can read THERM 6 files that have WINDOW 6 glazing systems with shading 
devices. 

Window Library 
Whole windows can be defined using glazing systems and THERM 6 files with shading devices. 

Calculation Results 
WINDOW 6 displays normal incidence results in the Glazing System Library for glazing systems 
with shadin gdevices. 
In addition, the program now produces detailed angular calculations for complex glazing systems, 
which can be viewed with an Excel spreadsheet called “MatrixReader.xls”, which is included in the 
installation of WINDOW 6.  

1.3.  Complex Glazing Features for THERM 6 

1.3.2.  Overview of Changes from THERM 6 

THERM 6 can read databases made in WINDOW 6, and interpret the shading device layers. 
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2.  Quick Start 

This section explains how to construct and calculate a glazing system with a venetian blind in WINDOW, 
import the glazing system with the blind into a THERM file, and then reimport the calculated THERM file 
back into WINDOW.  

2.1.  Make a Venetian Blind 
To make a complex glazing layer, in this case a venetian blind, go to the Shading Layer Library, either by: 

 
Á 

Á 

clicking on the Shading Layer Toolbar button  

OR 
going to the Library menu and selecting the Shading Layer choice.  

 

Figure 2-1. Select the Shading Layer choice from the Library menu. 

The Shading Layer Library List View will be displayed, as shown below.  

 

Figure 2-2. The Shading Layer Library Detail View. 
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2.1.  Make a Venetian Blind 2.  Quick Start 

To make a new shading layer in the library, follow the steps below: 
Á 
Á 

Click the New button 
The program will display the “Adding a Record” dialog box, and default the record ID to the next 
sequential number. This number can be changed if desired.  

Click on the New button 
and the “Adding a 
Record” dialog box will 
appear 

The program will default the ID to the 
next sequential number, or another 
number can be input if desired 

Click OK to create 
the record, 
automatically called 
“Default” 

F igure 2-3. Use New to create a new Shading Layer record. 
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2.1.  Make a Venetian Blind 2.  Quick Start 

Á 

Á 

Á 

Á 

Á 

Á 

While still in List View, with the new record highlighted, either double click on the record or click on 
the Detailed View button to show the detailed view of the record 
In the Shading Layer Library Detailed View, shown below, edit the appropriate fields (for more 
details about the individual input values in this library, see the Detailed Description section of this 
document).  

Change the Name from “Default” to something appropriate to what is being defined (in this 
example “Venetian blind, horizontal, - 45 degree tilt). 

Change the Name from 
Default if desired 

Set Type to “Venetian 
blind, horizontal” 

Choose a material from 
the Material Library. 

Input the Slat 
width, Spacing and 
Tilt as desired. 

Thickness is 
calculated by the 
program based on 
slat width and tilt 

Figure 2-4. Use New to create a new Shading Layer record. 

Set the Type to “Venetian blind, horizontal” if it isn’t already (this will cause the Venetian Blind 
tab to be displayed in the lower section of the library. 
Set the Material to a value from the pull-down list. This pull-down list reflects the entries in the 
Shading Material Library. The program comes with a few sample sets (see the Detailed 
Description section in this document for a more detailed explanation of the Shading Material 
Library). In the sample library supplied with the program, record # 30100 is a venetian blind 
material with spectral data imported from the WIS program. 
Leave the Effective hole area fraction set at the default value of 0.050. 
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2.1.  Make a Venetian Blind 2.  Quick Start 

Á 

Á 

Under the Venetian Blind tab, input the appropriate values for the blind being defined, for Slat 
width, Spacing, Tilt, Curvature and # of segments. For simplicity, in this example, the 
Curvature is set to 0 and therefore the # of segments field (the number of segments which will 
define the curve) is irrelevant. The Blind Thickness field is calculated automatically based on the 
Tilt value. 

 

- 45

F igure 2-5. Venetian blinds at a – 45 degree tilt. 

Click on the List View button and click on the Yes button to Save the changes to the record.  

The new venetian blind shading layer is now defined. 
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2.2.  Make the Glazing System with the Venetian Blind 2.  Quick Start 

2.2.  Make the Glazing System with the Venetian Blind 
To add the venetian blind to a glazing system, go to the Glazing System Library, either by: 

 
Á 

Á 

clicking on the Glazing System Toolbar button  

OR 
going to the Library menu and selecting the Glazing System choice.  

 

Figure 2-6. Select the Glazing System choice from the Library menu. 

In this example, the glazing system to be defined is a double clear IG with a venetian blind on the inside of 
the glazing system. 

To define this glazing system, do the following (starting from the Glazing System Library Detailed View): 
Á 

Á 
Á 
Á 

Á 

Á 

Á 

Click the New button to define a new glazing system, set the ID as appropriate, and begin editing the 
system 
Change the Name field from “default” to something appropriate for the glazing system. 
Change the # Layers field to “3” 
In this example, the venetian blind will be on the inside of the glazing system, so click on the arrow to 
the left of the “Glass 3” layer, and change the layer to a “Shade” layer 
For the now defined “Shade 3” layer, click on the double arrows to the right to view the records in 
the Shading Layer Library. 
Highlight the venetian blind defined in the previous step, and either double click on the highlighted 
line or click on the Select button -- that venetian blind will now be selected for “Shade Layer 3”. 
Define the glass layers as desired. If the glass layers and gap widths match the example below, this 
glazing system will fit inside the sample frame in THERM. 

Click on the 
arrow to change 
the Glass 3 layer 
to a Shade layer. 

Figure 2-7. Add three layers and define the venetian blind as “Shade Layer 3”. 

Click on the  double 
arrow to select the 
shade from the 
Shading Layer Library 

Gap 2 represents the 
distance of the inner 
edge of the blind from 
the inner pane of glass 

Enter values for Dbot , Dtop, Dright and 
Dleft (distance from the bottom, top, 
right and left, respectively, of venetian 
blind to the edge of the glazing system) 
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2.2.  Make the Glazing System with the Venetian Blind 2.  Quick Start 

To calculate the results for the glazing system with the integral venetian blind, do the following: 
Á 

Á 
Á 
Á 
Á 

Á 
Á 

Go to File/Preferences, and check the settings for “Matrix calculation options” and “Venetian blind 
calculation methods” as follows (these are the default settings in the program, so they should be 
correctly set and not require changes): 
Set Spectral data to “Condensed spectral data” to save calculation time 
Verify that Number of visible bands is set to “5” (the program default) 
Verify that Number of IR bands is set to “10” (the program default) 
If detailed angular results are to be viewed in the MatrixReader.xls spreadsheet, in the Generate full 
spectrally-averaged matrix for section, check both the “Solar band” and the “Visible band”. This will 
add a bit of calculation time, but it is not too extreme (several seconds, not minutes). 
Set Angular basis to “W6 quarter-size” to save calculation time 
Under Venetian blind calculation methods, set Solar/Visible range and FIR range to “Uniform 
Diffuse”  

 Figure 2-8. Make sure the settings in File/Preferences are correct. 

Set Number of visible bands to “5” 

Set Spectral data to 
“Condensed spectral data” 

Set Number of IR bands to “10” 

For detailed angular results that can be 
viewed in the MatrixReader.xls 
spreadsheet, under Generate full 
spectrally-averaged matrix for, check 
both “Solar band” and “Visible band” 

Set Angular basis to 
“W6 quarter-size” 

Set both Solar/Visible 
range and FIR range” 
to “Directional diffuse” 

Set Thermal model to 
“Scalar convection” 
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2.2.  Make the Glazing System with the Venetian Blind 2.  Quick Start 

Á In the Glazing System Library Detailed View, click on the Calc button. A dialog box will be 
displayed showing the calculation steps. 

 
Figure 2-9. A dialog box with the calculation steps will appear during the calcultion. 

If the venetian blind material did not have spectral data, which is most likely the case, the program will 
display the usual warning about not having spectral data for all the layers in the glazing system. 

 
Figure 2-10. A dialog box with a message about the lack of spectral data for one of the layers in the glazing system,  

in this case the shading layer. 

The program will display the results of the glazing system with the shading device in the normal tabs at the 
bottom of the glazing system. For glazing systems with shading layers, the optical properties are calculated at 
normal incidence for the incoming angle, and hemispherically integrated for all the outgoing angles. The 
thermal results are based on the ISO 15099 algorithms for shading systems. 

 
Figure 2-11. The glazing system results  

Now that results have been calculated for the glazing system, it can be imported into THERM to calculate the 
frames, as discussed in the next section. 
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2.3.  Glazing System Results 2.  Quick Start 

2.3.  Glazing System Results  

2.3.1.  Results at Normal Incidence 

For a glazing system with a shading device, the optical properties presented forcomplex glazing systems are 
calculated  at normal incidence for the incoming angle (horizontal to the glazing system) and hemispherically 
integrated on the outgoing side. This is what is displayed in the “Center of Glass Results” tab in the lower 
section of the Glazing System Library for SC, SHGC, Tvis as well as the results in the Optical Data tab in that 
same section. The thermal results (U-value) are calculated using the ISO 15099 thermal models for shading 
systems. 

Figure 2-12. The results in the Glazing System Library are calculated at normal incidence for incoming light and hemispherically 
integrated for the outgoing light angles. 

2.3.2.  Results for Multiple Incident Angles 

The results of the detailed angular calculation by the “matrix calculation engine” result in a very large 
number of results, depending on the basis used in the calculation. The WINDOW “standard basis” (set in 
File/Preferences) is 145 incoming angles of light and 145 outgoing angles of light through the whole glazing 
system.   

Figure 2-13. The full set of results that WINDOW can calculate are for 145 incoming angles which result in values for 145 outgoing 
angles. This complete set of results (21,015 values) can be read by the MatrixReader spreadsheet for viewing. 

Results are calculated 
for normal incidence 
incoming light angle 

Results are hemispherically 
integrated for the outgoing light 
angles 

outside insideinsideoutside 

Results are hemispherically 
integrated for the outgoing light 
angles 

Results are calculated 
for normal incidence 
incoming light angle 

insideoutside 

Results are calculated for 145 
outgoing light angles 

Results are calculated 
for 145 different 
incoming light angles 

2-8 SEPTEMBER 2006 WINDOW.1 / THERM.1 Research Version 



2.3.  Glazing System Results 2.  Quick Start 

WINDOW writes these results to a CSV (comma separated text) file that can be read by a spreadsheet. 
Included in the WINDOW installation is an Excel spreadsheet, called W6MatrixReader.xls, that reads this 
CSV file and displays the results in a few different ways. This spreadsheet is a way to prototype the possible 
results display modes, and we are very interested in feedback about how users would be interested in seeing 
these results. 

The results file that the spreadsheet reads is given the name of the glazing system (there are several other 
intermediate CSV files that are generated, but they do not contain the final results) and is written into the 
WINDOW working directory. One of the sample glazing systems in the default database (that is included in 
the WINDOW installation) is called “Venetian - 40 degrees”, and once a matrix calculation is completed on 
that glazing system, the WINDOW working directory will contain a file called “Venetian - 40 degrees.csv”. 
Open the W6MatrixReader.xls file and when it has opened, click on the Load Matrix button.  

When you click the Load Matrix button, a standard Open File dialog box will appear. There are several CSV 
files that WINDOW writes, but you need to select the one that has the same name as the glazing system just 
calculated, in this case “Venetian – 40 degrees.csv”. results displayed.  

Click on Load Matrix to load a new set of 
results into the spreadsheet. 

Figure 2-14. Open W6MatrixReader.xls and click the Load Matrix button to load results. 
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2.3.  Glazing System Results 2.  Quick Start 

 
Figure 2-15. Open the CSV file that has the same name as the glazing system modeled. 

This file will be loaded into the spreadsheet and the results will be displayed as shown below. 
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2.4.  Import the Glazing System into THERM 2.  Quick Start 

Figure 2-16. The W6MatrixReader will display the results from the opened file. 

2.4.  Import the Glazing System into THERM 
THERM can interpret WINDOW glazing systems with shading devices. THERM will display the shading 
device as a representative rectangle that is part of the glazing system. 

The steps for importing a glazing system into THERM from a WINDOW 5 database are as follows: 
Á 

Á 

Start the THERM program, and open the file in the WINDOW Samples directory called “sample-sill-
NoGlazing.thm”.  
Go to the Libraries menu, and click on the Glazing Systems option 

 

Figure 2-17. In THERM, go to the Libraries menu, Glazing Systems option 
to import the WINDOW glazing system. 

Á 
Á 

The Glazing Systems dialog box will appear. 
Use the Browse button to select the correct WINDOW database, in this case “W6.mdb”, and select the 
appropriate glazing system from the pulldown list, in this case #16, “Double Clear Exterior Venetian, 
-45 deg” and click the Import button. 

 
 Figure 2-18. The Glazing System dialog box for importing a WINDOW glazing system into THERM. 
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2.4.  Import the Glazing System into THERM 2.  Quick Start 

Á The Insert Glazing System dialog box will appear. All the normal input values should be applied, 
and in addition, there are two new fields, Site line to interior shade edge and Site line to exterior 
shade edge. In this case, the venetian blind is an exterior blind, so input a value for Site line to 
exterior shade edge, such as 6 mm. 

Input a value for Site 
line to interior 
shade edge, in this 
example, “6” mm. 

 Figure 2-19. The Insert Glazing System dialog box which specifies input parameters about the glazing system. 
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2.4.  Import the Glazing System into THERM 2.  Quick Start 

Á 

Á 

The glazing system will be imported into the THERM file, with a hatched rectangle on the outside of 
the glazing system to represent the exterior venetian blind. The hatch marks are not intended to show 
the angle or spacing of the venetian blind. The bottom of the blind is the specified distance from the 
sight line, in this case, 6 mm. 

Rectangle 
representing the 
exterior venetian blind 
associated with the 
glazing system. 

Site line to 
exterior shade 
edge, in this case 
6 mm. 

Figure 2-20. The THERM file with the glazing system and venetian blind imported. 

Because there is a 6 mm segment of the glazing system that does not have the venetian blind on the 
interior, that segment of the boundary conditions will be defined separately. Therefore it is necessary 
to insert a point on the glazing system which will then generate a separate segment in the boundary 
conditions. 
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2.4.  Import the Glazing System into THERM 2.  Quick Start 

Á 
Á 

Á 
Á 

In Options/Preferences, Drawing Options tab, check the “Allow Editing of IG polygons”. 
Click on the exterior glass layer and insert a point 6 mm up from the sight line. 

Insert a point in the exterior 
glass layer where the bottom of 
the shading system projects 
onto the glazing system. In this 
case, that point is 6 mm above 
the sight line. 

Figure 2-21. Insert a point in the glass layer where the bottom of the venetian blind intersects the glass. 

Generate the Boundary Conditions 
In THERM, the Boundary Condition Type dialog box has an additional input at the bottom, to 
specify a Shading system modifier, which comes with the glazing system from WINDOW. In 
general, the program should default this modifier to the glazing system that has the shading device. 
If not, the glazing system with the shading device can be selected from the pulldown list. In this 
example, the glazing system is “Glazing System ID: 16”. This boundary condition should be applied 
to the exterior glass layer where the venetian blind is next to it, but not to the 6 mm below the 
venetian blind and the sight line, which should have Shading system modifier set to “None”.  

Shading system modifier, 
which is associated with the 
glazing system, is added to the 
Boundary Condition Type. This 
is used to model the effect of 
interior and exterior shading 
devices in THERM. 

Figure 2-22. Set the Shading system modifier to the glazing system with the shading device. 
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2.4.  Import the Glazing System into THERM 2.  Quick Start 

Figure 2-23. Set the Shading system modifier appropriately for each boundary condition segment. 

Á Save the file, simulate it, and then make similar files for the head and jambs. 
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2.5.  Import the THERM files into the WINDOW Frame Library 2.  Quick Start 

2.5.  Import the THERM files into the WINDOW Frame Library 
When all the frame cross sections have been modeled, they can be imported into the WINDOW Frame 
Library in the normal fashion. The figure below shows the THERM sample frames included in the default 
W6.mdb file, imported into the WINDOW Frame Library. 

 

Figure 2-24. Import the THERM files into the WINDOW Frame Library. 
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2.6.  Create a Window 2.  Quick Start 

2.6.  Create a Window 
The steps to create a whole window with a shading system is the same as creating a normal window.   

Select the glazing system with the 
shading system, in this case, the 
exterior venetian blind example. 

Select the THERM files from the 
Frame Library that were modeled 
with the shading systems, in this 
case, the exterior venetian blind 
example files. 

Figure 2-25. To create a whole window in WINDOW, go to the Window Library and reference the glazing system and frame cross 
sections that have the shading systems associated with them. 
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